Synthetic peptides P37-49 and P63-79, derived from the pre-S region of duck hepatitis B virus (DHBV), have been synthesized. Only P37-49 was reactive with rabbit anti-DHBs/pre-S antibodies by radioimmunoprecipitation. Antiserum prepared against P37-47 reacted with a 35K polypeptide of native DHBs/pre-S by immunoblotting. It is concluded that P37-49 (MGQHPAKSMDVRR) mimics one of the epitopes of the DHBV pre-S antigen.
Studies with several hepadnaviruses, including the human hepatitis B virus (HBV), the woodchuck hepatitis virus, the ground squirrel hepatitis virus and the duck hepatitis B virus (DHBV), have shown a common morphology, genomic structure and mode of replication. Three HBV envelope proteins encoded by the pre-S/S open reading frame of the viral genome have been identified. The major S protein (Mr 24K/27K) is a protein of 226 amino acids encoded by the S gene, whereas a middle protein (Mr 33K/36K) has 55 additional amino acids at the N terminus of the S protein and is encoded by the pre-S2 and S region of the envelope gene. The largest protein (Mr 39K/42K) consists of 389 or 400 amino acids encoded by the entire envelope gene, including the pre-S1, pre-S2 and S genes. Polypeptides containing the pre-S1 and pre-S2 epitopes have been identified in HBV (Neurath & Kent, 1984) and reported as having possible roles in the attachment of virus to target cells. In addition, these polypeptides are potent immunogens and elicit protective antibodies (Neurath et al., 1986a) . Owing to the importance of pre-S in virus infection and immunity, studies on pre-S in other hepadnaviruses have been undertaken to elucidate further the functions of these interesting proteins. A major 17K DHBV envelope protein (DHBsAg) has previously been characterized, together with a minor 38K (or 36K) DHBV protein (Schlicht et al., 1987) . It has been speculated that this second protein is structurally related to the 17K polypeptide and represents both DHBV pre-S and S envelope polypeptides. Pugh et al. (1987) successfully expressed DHBV pre-S in Escheriehia coli as a fl-galactosidase-pre-S-chloramphenicol acetyltransferase fusion protein and identified the 36K protein as the major pre-S protein. Also, Schlicht et al. (1987) reported that the Mr of the DHBV pre-S polypeptide was 0000-9695 © 1990 SGM 35K to 37K by analysis of pre-S/MS2 fusion proteins.
The DHBV pre-S protein is predicted to consist of 171 amino acids according to the DHBV genome sequence reported by Mandart et al. (1984) . In contrast to those of the mammalian hepadnaviruses, the DHBV pre-S region contains six potential ATG initiation codons upstream of, and in frame with, the first S gene ATG codon. As analysis of RNA from DHBV-infected duck livers has identified a transcript which does not include the first ATG of the pre-S region, and the second ATG is immediately adjacent to the third ATG codon, we decided to synthesize peptides starting from the third and fifth ATGs, respectively, to represent potential N-terminal pre-S sequences. Peptide P37-49 (MGQHPAKSMDVRR) covers the entire third ATG to the fourth ATG fragment and four amino acids further downstream. Peptide P63-79 (RMIPKGTLTWSGKFRTL) contains the aminoterminal amino acids starting from the fifth ATG codon. Peptides were synthesized by the solid-phase method as developed by Merrifield (1963) and analysed for purity by high pressure liquid chromatography.
P37-49 and P63-79 were labelled separately with 1251 and tested for their reactivity with antiserum against native DHBs/pre-S proteins by radioimmunoprecipitation. Labelled peptide (50 ~tl) was mixed with an equal volume of rabbit anti-DHBs/pre-S serum of various dilutions at 4 °C overnight. An appropriate volume of Staphylococcus Protein A-Sepharose CL-4B (Pharmacia) was added to the mixture, agitated at 4 °C for 1 h and the precipitate collected by centrifugation. Of the volume of supernatant, half was aspirated and assayed for radioactivity (S), together with the remaining half which included the precipitate (P+S). The percentage of precipitation was calculated as [(P + S) -S]/(P + S) × 100. Normal rabbit serum was used as a negative control. As shown in Table 1 , labelled P37-49, precipitated with anti-DHBs/pre-S antiserum at a dilution of 1:400, gave a precipitated percentage significantly greater than that obtained with the same dilution of normal rabbit serum (P<0-01). No significant differences were found when P63-79 was tested with either anti-DHBs/pre-S antibodies or with normal rabbit serum. Two rabbits were immunized with P37-49 coupled to bovine serum albumin (BSA) using glutaraldehyde as a cross-linking agent. P37-49 (200 ~tg) in complete Freund's adjuvant (1 : 1) was injected subcutaneously at multiple sites and the animals were boosted every 2 weeks for a total of five times with peptide in incomplete Freund's adjuvant. Solid-phase radioimmunoassay of rabbit anti-peptide serum was performed essentially as described by Neurath et al. (1986b) . P37-49 was used to coat Immulon II strips (Dynatech), blocked with gelatin and anti-peptide sera were titrated. Normal rabbit serum served as a negative control; titration results equal to or greater than 2.1 the control value were interpreted as positive. Both rabbits developed anti-P37-49 antibodies at titres of 1:1000 to 1:4000, respectively.
To study the anti-P37-49 antiserum in Western blotting, purified DHBs/pre-S and DHBV-negative serum were used for electrophoresis and transferred to nitrocellulose filters, as reported previously (Zhang et al., 1988) . Polyclonal rabbit anti-DHBs/pre-S antibodies and monoclonal mouse anti-DHBV pre-S antibodies were used as positive controls and normal rabbit serum as a negative control. A DHBV-negative duck serum was included as a negative antigen control. Results are shown in Fig 1. Several bands were detected when DHBs/pre-S was reacted with rabbit anti-DHBs/pre-S antibodies; the strongest reactions were with polypeptides of approximate MrS 35K and 30K (lane 1) . In lane 4, monoclonal anti-DHBV pre-S serum reacted with the 34K and 35K polypeptides. In lane 2, anti-P37-49 antibodies reacted with purified native DHBs/pre-S antigen; a band at 35K was detected together with another at approximately 68K, which probably represents a dimer of DHBs/pre-S. These reactions were not detected in the lanes representing the negative controls. Pugh et al. (1987) have identified a 36K protein as being the major DHBs/pre-S protein of D H B V together with a minor DHBs/pre-S protein of 34K. Schlicht et al. (1987) expressed D H B V pre-S antigens in a p E X vector system and detected 35K and 37K bands of DHBs/pre-S protein in DHBV-infected duck sera and livers. As an alternative approach, we have employed synthetic peptides to search for pre-S epitopes on the D H B V envelope protein. One peptide (P37-49), predicted from the nucleotide sequence of D H B V pre-S, was precipitated by antiserum to native purified DHBs/pre-S protein. This peptide elicited antibodies which specifically reacted with a 35K polypeptide present in the purified native DHBs/pre-S antigen. This 35K polypeptide was also characterized as containing pre-S epitopes by its reaction with mouse monoclonal anti-pre-S antibodies (Y.-M. Wen, unpublished results). Thus, one may presume this peptide contains one of the epitopes of D H B V pre-S. There are two hydrophilic areas in the D H B V pre-S region, spanning residues 40 to 54 and 125 to 146, as predicted by the method of Chou & Fasman (1978;  results kindly provided by Dr H. J. SchliCht). P37-49 used in this study overlaps with residues 40 to 54, is also hydrophilic and, indeed, contains an immunodominant epitope.
It is significant that we have detected several bands, ranging from 23K to 35K, in purified native DHBs/pre-S, the 30K band being predominant. Lambert et al. (1990) reported similar findings; they prediced a 30K pre-S protein which may be initiated at an ATG codon at nucleotide 957. However, proteolytic degradation of DHBs/pre-S proteins may also have resulted in these bands of lower Mr.
